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1. Purpose

This document reports the results of a project to develop and test the content of a graduate level
modeling and simulation overview course.

This report was prepared for the Defense Modeling and Simulation Office (DMSO) by the
Virginia Modeling, Analysis and Simulation Center of Old Dominion University, with inputs
from both the University of Central Florida and the Georgia Institute of Technology. It describes
work done under and is the final report for contract N00014-031-094S “Graduate Level
Modeling and Simulation Overview Course”. The Old Dominion University Research
Foundation project number is 234921.

2. Project overview and history

Old Dominion University (ODU), the University of Central Florida (UCF), and the Georgia
Institute of Technology (GT) were tasked by the Defense Modeling and Simulation Office
(DMSO) to jointly develop a 40-hour course of instruction to introduce students to the overall
discipline of modeling and simulation (M&S). The course was intended to be a survey,
emphasizing breadth rather than depth of coverage. Course topics were to include definitions,
modeling methods, simulation project life-cycle, simulation verification and validation,
simulation output analysis, and many others. The expectation was that students completing the
course would have an overall understanding of M&S and will be prepared to place specific M&S
topics in context and study them in more detail.

In a series of face-to-face meetings and electronic exchanges, ODU, UCF, and GT jointly
produced a topical outline for the M&S content required to introduce graduate students to the
discipline of modeling and simulation, which became known as the M&S “Body of Knowledge
and a topic sequence for a university course based on the “Body of Knowledge”.

ODU, UCEF, and GT separately produced distinct portions of the course content in form of
lectures slides and associated reading materials and homework assignments. The topics to be
produced by each university were determined by mutual agreement among the universities.

The project initially was to include a single offering of the course as a concentrated week-long
40-hour session to a group of students selected by DMSO at a site arranged by DMSO.
However, that requirement was removed by the DMSO representative (Ms. Simone
Youngblood) at the May 24-25 2004 project meeting held at GIT. He decisions was based on
both logistical and pedagogical considerations. Instead, the universities were asked to use the
developed content in their existing M&S introductory courses and to enhance that content, and
the overall M&S Body of Knowledge outline, based on that experience.

A large number of high quality M&S course content modules were developed by the universities.
Those modules were used to good effect in the universities’ respective Introduction to M&S
regular courses. There was some sharing of course content between the universities, but perhaps
not as much as originally hoped for. The course content modules have also been used as the
basis for professional education courses by at least two of the universities.




3. Project objectives

The objectives of the project were changed by the sponsor during its execution. Both the
original and revised objectives are listed in this section.

3.1 Original project objectives

Old Dominion University, the Georgia Institute of Technology, and the University of Central
Florida (collectively, “the universities™) were to design, develop, and deliver, in partnership, a
Modeling and Simulation Overview course.

The original project objectives were to:

1. Determine the M&S content required to introduce graduate students to the discipline of
modeling and simulation, documented in the form of a modeling and simulation “Body of
Knowledge”, i.¢., a topical outline of the course.

2. Develop course content, at the Master’s level, for those specific topics outlined in the Body
of Knowledge topical outline. Specific course content was to include read-ahead materials
(from textbooks and papers), lecture and lecture support materials, and an integrated set of
computer-based laboratory exercises.

3. Implement a process for course content review that ensured that existing and new course
content developed separately by the universities for the course was examined, and modified
if necessary, for coherence and effective pedagogical structure.

4. Teach the course as a concentrated week-long 40-hour session to a group of students selected
by DMSO at a site arranged by DMSO. The students were expected to be drawn from
military, government civilian, and government contractor personnel transitioning to M&S
related duties from other areas.

5. Prepare recommendations for course improvement and refinement in future offerings, based
on experiences in teaching the course.

3.2 Revised project objectives

On May 24, 2004 the project objectives were changed by the sponsor, represented by Ms.
Simone Youngblood, at the project meeting being held that date at GIT. The revised project
objectives were:

1. Determine the M&S content required to introduce graduate students to the discipline of
modeling and simulation, documented in the form of a modeling and simulation “Body of
Knowledge”, i.e., a topical outline of basic M&S knowledge.

2. Develop course content, at the Master’s level, for specific topics defined in the Body of

‘ Knowledge topical outline. Specific course content was to include read-ahead materials
(from textbooks and papers), lecture and lecture support materials, and an integrated set of
computer-based laboratory exercises.

3. Use the content to support instruction within the existing M&S introductory courses taught at
each of the three partner universities. Each university was to use all of the content it had
developed as well as portions of the content developed at the other universities.

4. After using the content and observing its instructional effectiveness, either enhance it (for
content developed at the using university) or provide feedback to the creating university (for
content developed at the other universities).

5. Provide recommendations for revisions to the overall M&S “Body of Knowledge”,
the course topical outline, based on the instructional experiences.




4. Project outcomes

The outcomes of the project are listed in this section.

1.

ODU, UCF, and GIT jointly determined the M&S content required to introduce graduate
students to the discipline of modeling and simulation. That content was documented in the
form of an M&S “Body of Knowledge” (BoK), i.e., a topical outline of basic M&S _
knowledge. The BoK was developed over the course of a sequence of electronic exchanges
and face-to-face meetings. It was circulated among the academic M&S community; some
valuable feedback resulting from this circulation was incorporated into the BoK.

See Appendix 8.1 for the final version of the BoK.

See Appendix 8.10 for a brief chronology of the project meetings.

ODU, UCF, and GIT jointly developed a topic sequence for a graduate level university M&S
overview course. The course topic sequence was very closely based on the M&S BoK, but
differs from it so as to conform to the constraints of a 1-semester university course in terms
of time structure (sequence of fixed-length lectures) and time constraints (approximately 40-
45 lecture hours). Responsibility for developing course content for each topic was
partitioned among the universities by negotiated mutual agreement.

See Appendix 8.2 for the overview course topic sequence.

ODU developed a total of 22 course content teaching modules applicable to topics in the
M&S BoK and the overview course topic sequence. The modules were in the form of
PowerPoint lecture slides. The 22 modules together totaled approximately 1,200 slides and
covered 24 topics from the M&S overview course topic sequence and 27 topics from the
M&S BoK.

See Appendix 8.3 for a list of those content modules.

UCF developed a total of 12 course content teaching modules applicable to topics in the
M&S BoK and the overview course topic sequence. The modules were in the form of
PowerPoint lecture slides. The 12 modules together totaled approximately 900 slides and
covered 11 topics from the M&S overview course topic sequence and 12 topics from the
M&S BoK.

See Appendix 8.4 for a list of those content modules.

UCF assembled 5 multimedia segments of instructional value to augment the M&S overview
course lectures. UCF edited and prepared them for classroom delivery.

See Appendix 8.5 for a list of those multimedia segments.

GIT developed a total of 3 course content teaching modules applicable to topics in the M&S
BoK and the overview course topic sequence. The modules were in the form of PowerPoint
lecture slides. The 3 modules together totaled approximately 300 slides and covered 3 topics
from the M&S overview course topic sequence and 3 topics from the M&S BoK.

See Appendix 8.6 for a list of those content modules.

ODU provided a portion of its course content modules, 3 introductory lectures totaling 6
hours of instruction comprised of 153 slides, to UCF and GIT for their evaluation and
possible use.

ODU used the course content' modules prepared by ODU under the project in teaching the
ODU Introduction to M&S course (MSIM 601) during the Fall 2004 semester, which ended
in December 2004.

See Appendix 8.7 for the ODU Introduction to M&S topic sequence and the modules used.



9. ODU used the course content modules prepared by ODU under the project to teach several
custom M&S professional education short courses; clients for courses were Booz Allen
Hamilton, the Defense Threat Reduction Agency, and the National Institute for Aerospace.

10. UCF used the course content modules prepared by UCF under the project in teaching the
UCF Introduction to M&S course (IDS 5717) during the Spring 2004 semester, which ended
in May 2004. UCF also used the M&S BoK in that course as the basis for a portion of the
course’s final examination. »

See Appendix 8.8 for the UCF Introduction to M&S topic sequence and the modules used.

11. During the Fall 2004 semester, ODU examined course content modules produced by GIT and
evaluated for inclusion in ODU’s course. Although no GIT module was used in its entirety
in the ODU course, a number of ideas, explanations, and examples found in the GIT content
were used to incrementally enhance the ODU course content modules.

12. ODU prepared an overview briefing describing the project and the M&S BoK for use by
DMSO and submitted it to Ms. Simone Youngblood.

13. In January 2004, ODU applied updates to several of its course content modules based on
experiences using the modules during the Fall 2004 offering of MSIM 601.

14. GIT used the course content modules originally developed for this project in teaching
ISYE 3044 Simulation Analysis and Design.

15. GIT expanded the course content modules originally developed for this project by GIT into a
sequence of 8+ lectures on modeling. Portions of this material were based on course content
modules developed as part of this project provided to GIT by ODU. Portions of this
expanded material have been presented as an I/ITSEC tutorial in 2004 and as components of
GIT professional education courses. A link to an updated version of the modeling material is
available at http://www-static.cc.gatech.edu/people/home/Margaret/Teaching.html.

16. GIT used the M&S BoK as the organizing basis for a series of 35 simulation lectures used for
GIT professional education, although the lectures do not follow the BoK strictly.

5. Project outcome gaps

Of the five revised project objectives (see section 3.2), four were fully met (1, 2, 4, and 5).
Objective 3 was only partially met. It included the expectation that “Each university was to use
all of the content it had developed as well as portions of the content developed at the other
universities.” While it is true that each university did use content from the other universities,
there was arguably less sharing and reuse of content than had been hoped for. This was not due
to lack of intent to do so by the participants; rather, several other factors may have been the
cause, including:

1. Scheduling. The universities prepared the content modules on their own schedules, and they
offered their “Introduction to M&S” courses at different times (different semesters), so
synchronizing the content development with the times the modules were needed was
problematic.

2. Curriculum design. The universities’ M&S curriculum differ in emphasis and sequence, with
the consequence that their “Introduction to M&S” courses must address different topics. ™

3. Pre-existing material. In some cases, universities already had material developed for the
topics being developed by the other universities. Understandably, instructors preferred to use
their own material, developed to suit their instructional objectives, rather than the material
prepared by the other universities.




6. Problems, issues, and concerns

Other than the outcome gap identified in the previous section, there are no problems, issues, or
concerns.

7. Recommendations

All three universities are teaching “Introduction to M&S” courses for which there is no suitable
textbook. It is recommended that a textbook be produced for those courses, generally following
the jointly developed course topic sequence (Appendix 8.2).

In the envisioned textbook, chapters would be written by separate authors, experts in the topic, to
include the participants in this project as well as additional persons. An editor would organize
the project, select and assign topics to the authors, and ensure coherence, continuity, and
coherence among the chapters. '

See Appendix 8.9 for an initial working outline for such a textbook.




8. Appendices
8.1 Modeling and Simulation Body of Knowledge topical outline

1. Introduction
1.1 Historical overview of M&S
1.2 Basic M&S concepts and definitions
1.2.1 Models and simulations
1.2.2 MA&S attributes: fidelity, resolution, and scale
1.2.3 Introduction to the M&S development cycle and VV&A
1.3 Basic modeling methods and types
1.3.1 Visual models
1.3.2 Surrogates
1.3.3 Physics models
1.3.4 Finite element models
1.3.5 Data-based models
1.3.6 Aggregate models
1.3.7 Conceptual models
1.3.8 Hybrid models
1.4 M&S categories
1.4.1 Types: live, virtual, constructive
1.4.2 Applications: training, analysis, experimentation, and acquisition
1.4.3 Domains: combat, manufacturing, medicine, engineering, commercial, others
2. MA&S paradigms
2.1 Discrete event simulation
2.1.1 DES description
2.1.2 Queuing theory models for DES
2.1.3 DES examples
2.1.4 DES tools
2.2 Real-time, continuous simulation
2.2.1 Definitions and concepts
2.2.2 Continuous models
2.2.3 Real-time simulation
2.2.4 Hardware-in-the-loop, human-in-the-loop simulation
2.3 Visual simulation
2.3.1 Special requirements
2.3.2 Techniques
2.4 Hybrid simulations
2.4.1 Definitions and concepts
2.4.2 Example hybrid simulations
24.3 Modeling issues in hybrid simulation
3. Life Cycle of a Simulation Study
3.1 Types and characteristics of simulation projects
3.1.1 Simulation study '
3.1.2 Large-scale simulation software development
3.1.3 Simulation exercise and event development
3.2 Problem formulation




3.3

34

3.5

3.6

3.7

3.8

3.9

4.1

42

3.2.1 Objectives, hypotheses, and scope

3.2.2 Measures of merit

3.2.3 Plan, schedule, and cost

3.2.4 Methodology tailoring

Conceptual model development

3.3.1 Information / data collection and analysis

3.3.2 Modeling abstractions

3.3.3 Level of detail, model fidelity

Simulation software

3.4.1 Characteristics of simulation software

3.4.2 World views (e.g., event oriented, process oriented, object-oriented)
3.4.3 Simulation model software, frameworks

3.4.4 Simulation engine, distributed simulation infrastructure
Verification, validation, and accreditation

3.5.1 General aspects of VV&A, methods

3.5.2 VV&A for U.S. DoD simulations

3.5.3 Some special VV&A related issues

Design of experiments

3.6.1 Input data analysis

3.6.2 Length and number of runs

3.6.3 Warm up period

Output analysis

3.7.1 Determination of performance metrics

3.7.2 Comparing alternate configurations

3.7.3 Statistical methods: confidence intervals, variance reduction
3.7.4 Documentation and presentation of results
Large-scale simulation software development

3.8.1 Software project life-cycles

3.8.2 Iterative software development

3.8.3 Special considerations for developing simulation software
Simulation exercise and event development

3.9.1 Introduction to exercise and events

3.9.2 Simulation aspects: federation development process
3.9.3 Data aspects: scenarios and databases

3.9.4 Support aspects: facilities, resources and planning

. Human/simulation interaction

Humans and human perception

4.1.1 Sensation vs. perception

4.1.2 Visual sensation and perception
4.1.3 Auditory sensation and perception

~4.1.4 Olfactory and gustatory sensation and perception

4.1.5 Haptic sensation and perception
Simulation interface issues

4.2.1 Varieties of simulation fidelity
4.2.2 Immersion and presence

4.2.3 Performance feedback




4.2.4 Ergonomics
4.3 Simulation user issues

4.3.1 Modeling human cognition

4.3.2 Theories of human learning

4.3.3 Considering multiple users

4.3.4 Adverse effects of simulation exposure
4.4 Interface styles and components

4.4.1 Performance data generation

4.4.2 The use of color

4.43 The use and complexity of graphics
4.4.4 The use of multimedia
4.4.5 The use of motion
5. MA&S interoperability
5.1 Distributed simulation
5.1.1 Definitions
5.1.2 SIMNET and DIS
5.1.3 ALSP
514 HLA
5.1.5 Emerging trends (Web-enabled, XMSF)
5.2 Live-virtual-constructive integration
5.2.1 Concepts and motivations
5.2.2 Methods, gateways, and interfaces
5.2.3 Case studies
5.2.4 Output analysis in LVC systems
5.3 Simulation-C4ISR interoperability
5.3.1 Concepts and motivation
5.3.2 Methods, gateways, and interfaces
5.3.3 Case studies
6. M&S in Department of Defense
6.1 Major DoD simulation applications
6.1.1 Training
6.1.2 Analysis
6.1.3 Acquisition
6.1.4 Experimentation
6.1.5 Test and evaluation
6.2 Major DoD simulations (JSIMS, JWARS, JMASS)
6.2.1 Purpose of simulation within DoD
6.2.2 History of DoD simulation
6.2.3 Legacy simulation systems
6.2.4 Emerging simulation systems
6.2.5 Trends in military simulations
6.2.6 Unmet military simulation needs
7. Special modeling methods and applications
7.1 Supply chain modeling
7.2 Human behavior modeling
7.3 Combat modeling




7.3.1 Introduction
7.3.2 High resolution combat modeling
7.3.3 Aggregated combat modeling
7.4 Decision support
7.5 System dynamics modeling
Future trends and special topics
8.1 Future trends in the M&S field
8.2 Simulation in entertainment and games
8.3 Complexity and CAS modeling
8.3.1 Complexity and chaos
8.3.2 Complex adaptive systems

8.3.3 CAS modeling methods
8.3.4 CAS modeling case studies

8.4 Command and control assessment
8.4.1 Introduction to NATO RTO SAS026/039
8.4.2 NATO code of best practice for C2 assessment
8.4.3 Examples of modeling command and control
8.5 Composability
8.5.1 Definitions
8.5.2 Composability engineering
8.5.3 Composability theory
8.6 Uncertainty modeling
8.6.1 Definitions and sources
8.6.2 Mathematical models of uncertainty and vagueness




8.2 MA&S overview course topic sequence

The course topics for a 1-semester graduate-level introductory M&S overview course are listed
in the table below. Each course topic is cross referenced with the topic number(s) from the
~corresponding M&S BoK topic(s). The university that agreed to develop the course content for
each topic is identified.

1.1 Brief historical overview of M&S .

11.2 Basic M&S concepts and definitions 1.2 OoDU
1.3 Basic modeling methods and types 1.3 OoDU
1.4 M&S categories 1.4 OoDbU
2.1 Discrete event simulation 2.1 ODU
2.2 Real-time, continuous simulation 22 UCF
2.3 Hybrid simulation 24 UCF
2.4 Visual simulation 2.3 ODU
3.1 Problem formulation 32 GT
3.2 Conceptual model development 33 GT
3.3 Simulation software 34 GT
3.4 Verification, validation, and accreditation 35 ODU
3.5 Design of experiments 3.6 ODU
3.6 Output analysis 3.7 GT
3.7 Simulation and exercise development 3.9 ODU
3.8 Document and presentation of results 3.74 GT
4.1 Humans and human perception 4.1 UCF
4.2 Simulation interface issues 4.2 UCF
4.3 Simulation user issues 43 UCF
4.4 Interface styles and components 4.4 UCF
5.1 Simulation reuse and configuration 8.5 ODU
5.2 Distributed simulation 5.1 ODU
5.3 Live-virtual-constructive integration 52 OoDU
5.4 Simulation-C4ISR interoperability 53 ODU
5.5 Composability 8.5 ODU
6.1 Major DoD simulations 6.2 UCF
6.2 Using M&S for Test and Evaluation 6.1 ODU
6.3 M&S in training 6.1 UCF
7.1 Human behavior modeling 7.2 UCF
7.2 Combat modeling 7.3 ODU
7.3 Uncertainty modeling 8.6 ODU
7.4 Complexity and CAS modeling 8.3 ODU
7.5 Command and control assessment 8.4 ODU
8.1 M&S project management 3.1,3.8,3.9 ODU
8.2 Simulation in entertainment and games 8.2 UCF
8.3 Future trends in the M&S field 8.1 UCF

10



8.3 ODU course content modules developed

Course content modules developed by ODU are listed in the table below.

nt module

te

oDy

con

course.conte

MS 1 Basic M&S Concepts & Definitions

MS 2 Modeling Methods

MS 3 M&S Categories

MS 4 Discrete Event Simulation

MS 5 Hands-on Discrete Event Simulation

MS 7 VV&A

MS 8 Distributed Simulation

MS 9 Interoperability and Composability

3.1,3.8,39

MS 11 Simulation Life-Cycle and Project Management 75
MS 13 Survey of Major Military Simulation Systems 6.1 6.2 45
MS 15 Human Computer Interaction 4.1,4.2,4.3,44 41,4.2,43,44 81
MS 16 Human Behavior Modeling 7.1 7.2 93
MS 17 Combat Modeling 72 7.3 43
MS 19 Simulation-C4ISR Interoperability 54 5.3 35
MS 21 Command and Control Assessment 7.5 8.4 38
MS 23 Statistics for M&S 35,3.6 3.6,3.7 85
MS 24 Modeling Uncertainty and Vagueness 7.3 8.6 50
MS 31 History of M&S 1.1 1.1 48
MS 32 Visual Simulation 24 24 25
MS 33 M&S for Training 6.3 6.1 50
MS 36 System Dynamics 7.5 ~50
MS 37 Continuous and Real-time Simulation 2.2 2.2 ~50

(Slide counts for modules MS 36 and MS 37 estimated.)

8.4 UCEF course content modules developed

Course content modules developed by UCF are listed in the table below.

1.1 Historical Overview of M&S

2.2 Real-time Continuous Simulation 91
2.4 Hybrid-mixed Simulations 2.3 24 20
4.1 Human and Human Perception 4.1 4.1 118
4.2 Simulation Interface Issues 4.2 4.2 94
4.3 Simulation User Issues 4.3 4.3 173
4.4 Interface Styles and Components 4.4 4.4 144
6.1 Major DoD Simulation Applications 6.1 6.1 105
7.2 Human Behavior Modeling 7.1 7.2 27
7.4 Decision Support 7.4 35
8.1 Future Trends in the M&S Field 8.3 8.1 40
8.2 Simulation in Entertainment and Games 8.2 8.2 50

11




8.5 UCF multimedia segments prepared

UCF assembled 5 multimedia segments of instructional value from a variety of sources and

edited and prepared them for classroom delivery. Those segments were:

1. Careers in Simulation. Produced by the University of Central Florida; used for recruiting of
High School and College students to careers in simulation technology; 12 minutes.

2. The Battle of 73 Easting. Produced by IDA; makes a good case for the use of distributed

simulation—SIMNET—for preparing the US Army for the largest tank battle in the first Gulf

War; 10 minutes.

Simulators. Produced by the History Channel; 50 minutes.

Tactical to Practical: Segment 13. Produced by the History Channel, portion of Simulators;

15 minutes.

5. The Making of Jurassic Park. First extensive use of digital technology in a motion picture
(1992-1993) and provides excellent insight into the process of converting from tradition
animatronics to digital effects.

W

The History Channel videos may be ordered from http://store.aetv.com/html/home/index.jhtml
and The Making of Jurassic Park is available as par of the Jurassic Park DVD set. All of these
videos have made a good addition to UCF’s Introduction to M&S course.

8.6 GIT course content modules developed

Course content modules developed by GIT are listed in the table below.

. GIT course content module - | | BoKtopics) | Slides
1. Simulation languages 3.4 ~100
2. Output analysis 3.7 ~100
3. Fundamentals of modeling 1.3 80

(Slide counts for modules 1 and 2 estimated.)

12




8.7 ODU MG&S overview course content summary

The course topics covered in the ODU Fall 2004 offering of MSIM 601 are listed in the table
below. The course topics are cross referenced with the topic number(s) from the corresponding
M&S BoK topics and the ODU course content module numbers. (Non-topic class sessions and
breaks in the academic calendar are omitted.)

Weekof -

Overview

8-30-2004 History of M&S

Basic M&S Concepts

Modeling Methods
9-13-2004 M&S Categories .

M&S Life Cycle 3.1,3.2,3.3,34,39 | MS11
9-20-2004 Discrete Event Simulation 2.1 MS4,MS5
9-27-2004 Design of Experiments 3.6 MS 23

Output Analysis 3.7 MS 23
10-4-2004 Continuous/Real-Time Simulation 2.2 MS 37

Visual Simulation 2.3 MS 32
10-18-2004 System Dynamics 7.5 MS 36
10-24-2004 Human/Simulator Interaction 41,42,43,44 MS 15
11-1-2004 Human Behavioral Modeling 7.2 MS 16
11-8-2004 Verification, Validation, & Accreditation 3.5 MS 7
11-15-2004 Distributed Simulation 5.1 MS 8

Simulation Interoperability and Composability 5.2 MS9
11-22-2004 Combat Modeling 73 MS 17

M&S in Command and Control 53,84 MS 21
11-29-2004 M&S in Training 6.1 MS 33

M&S in Experimentation 6.1

Large-Scale Simulation Examples 38,62 MS 13
12-6-2004 Grand Challenges in Modeling & Simulation 8.1,82

8.8 UCF M&S overview course content summary

The course topics covered in the UCF Spring 2004 offering of IDS 5717 are listed in the table
below. The course topics are cross referenced with the topic number(s) from the corresponding
M&S BoK topics and the UCF course content module numbers. (Non-topic class sessions and
breaks in the academic calendar are omitted.)

“Week o

1-10-2004

Introduction to course

1-17-2004 History of M&S 1.1 1.1
1-24-2004 M&S as a profession

1-31-2004 M&S as an academic discipline

2-7-2004 Simulation for entertainment 8.2 8.2
2-14-2004 Simulation for military applications 6.1 6.1
2-21-2004 Continuous (human-in-the-loop) simulation 22 2.2
2-28-2004 Discrete event simulation 22 22
3-7-2004 Simulation for training 6.1.1

3-21-2004 Medical simulation

3-28-2004 Virtual environments 2.3

4-4-2004 Simulation for disaster response
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8.9 Initial outline of recommended textbook

Part 1 — Introduction
1. History of M&S
2. Basic M&S concepts and definitions
3.  Survey of modeling methods and simulation categories

Part 2 — Fundamental modeling paradigms
4. Discrete event simulation
5. Mathematical modeling of physical systems
6. Continuous and real-time simulation
7. Visualization, visual simulation, and virtual environments
8. Distributed simulation and interoperability
9. System dynamics modeling
10. Agent-based modeling

Part 3 — Humans and simulations

- 11. Human-computer interaction in simulation
12. Simulating human behavior
13. Modeling human decision making

Part 4 — Special applications and modeling methods
14. M&S applications in the U.S. Department of Defense
15. Combat modeling and simulation
16. Medical modeling and simulation
17. Modeling and simulation in entertainment
18. Modeling complex adaptive systems
19. Modeling uncertainty and vagueness

Part 5 — M&S projects
20. Experimental design and data analysis for simulation
21. Verification, validation, and accreditation
22. MA&S life-cycles, project types, and project management
23. Simulation software tools and languages
24. M&S composability

Part 6 — Future M&S

25. Emerging M&S applications
26. Grand challenges in M&S
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8.10 Project meeting chronology

Three face-to-face meetings were held by the universities during the project, as follows:
1. November 4-5 2003 at ODU

2. March 18-19 2004 at UCF

3. May 24-25 2004 at GIT

8.11 Acronyms and abbreviations

BoK Body of Knowledge

DMSO Defense Modeling and Simulation Office

GIT Georgia Institute of Technology

I/ITSEC Interservice/Industry Training, Simulation, and Education Conference
M&S Modeling and Simulation

ODU Old Dominion University

UCF University of Central Florida

8.12 Project overview briefing

This appendix provided as separate document.

8.13 Author and acknowledgements
This report was prepared on behalf of Old Dominion University by:

Mikel D. Petty, Ph.D.

University of Alabama in Huntsville

Center for Modeling, Simulation, and Analysis
pettym@uah.edu, 256-824-4368

Input information for this report was provided by:

J. Peter Kincaid, Ph.D.
University of Central Florida

Institute for Simulation and Training
pkincaid@ist.ucf, 407-882-1330

Margaret L. Loper, Ph.D.

Georgia Institute of Technology

Georgia Tech Research Institute
margaret.loper@gtri.gatech.edu, 404-407-6663

15



“ALISYHAINN epPLIoOid
zQzSé ﬁw.wﬁwo

Jo Ans) AN,

:o:

Alsianiun uoluiwoqg pIO
lajuan uonejnwis ¥ sisAjeuy bulepopy eiulbain
‘a'ud ‘Aned "a 1IN

juawdojanaqg Jusjuon 8sinon) ¥
abpajmouyj jo Apog SN

002 0€ 1snbny mainey weiboid
921jJO uone|nwis pue bulepoy asusjad




‘a’yd ‘preouny] 181ed r <

(4on) m_u:o_n_ lesuan jo Ausieniun -
‘a'ud ‘1edo " 1eJ4ebiepy <

‘A’ud ‘oowling ‘N pieyory <
'‘a’Ud ‘sojnodoxas|y soisuyn <

A 119) ABojouyoa ] jo ainsuj eibiosr) -
'a’ud ‘Aned @ 1IN <
'‘d’yd ‘uiyo] uamog 'y <
(NAO) Ausianiun uoluiwoq pio
Si0]eloge||oo Hbm_ohn_ °

801} uone|nwis pue mc__mnos_ asuajaqg -
losuodg e

sjuawabpajmouddy

Juswdojena jusjuo) asinoy ¥ abpsamou] jo Apog SYW




sme}s pue uoindiiosaqg josloid

Juswdorenag jusjuo) 8sinoy) ¥ abpamoud] jo Apog SYW




uolleollua9 jeuolssajold SR\ J0) urewo(
uoieonpa SY\ 40} JUaU0)
uonesIuNWWod Ansnpul 10} siseq
¢éMod SRIN ue dojaasp AYym e
obpajmouy SR JO 8109 [esua) -
‘spJepue)s ‘saoioeld ‘s|o0)
‘Sel108Y] ‘sanbiuyos] ‘syiomawel) ‘spoylawl
‘s)deou09 ‘suoiiuyap Jo 1s1| paziuebiO
S®IN 10 ulewop jJO uoiusg -
(A0g SRIN Ue Sl IBYAA e

(1og) ..abpajmouy] jo Apog,, SPW

Juswdojena(g jusjuoy) 8sinos) ¥ abpamouy] jo Apog SEN




wo_QB UO SNSUBSU0D AUNWWOD PJeMO] YIOAN -
auljlno |eoido] se yog dojene(q -

SUOY8 asay) JO Ss}oadse uowwon) e
Mog SR uonenwig aindwon oy A18100g -
Mog S¥IN Hwwngwis -

SHO o M0g 1/yiQ o

OSWAQa Ag paJjosuodg -

uolleonpa SRIA 104 JUSIU0D Bulep :|eor) -

40N % ‘11D ‘NAo Agq padojeneq -
Mog SRIN Ausleniun :josfoid siyj e

s1iojjde Juswdojanap yog

Juswidojana( Jusjuoy 8sinoy) ¥ abpemou)] jJo Apog SEW




lejiwis :padojenap 4DN pue 11H -

sapl|s 020l ‘soidol 6| :padojenep NAO -
M0g 410} JUB1U0d 8SIN0D atedald e

Uone|NoIIo pajLulj Ul

pamainal Ajleusaixe Buiaq Ajjuaning suipnQO -

sbunesw aoe}-0}-008) 991y} 1B POSSNISI -

40N B ‘119 ‘NAo Ag padojensp suino o1do] -
yog Alsianiun dojena(] e

ajep o] saninljoe 1o9foid

Juswidojana jusjuoy asinoy) ¥ abpejmoud] jo Apog SN




SLIOYD H0g Jay10 YliM 8]euIploo)) e
MBINBI [eula)xa 10} AjopIM BUljINOo 81e|nNdiI) e
lejiuis 40N pue 1|19 -

002 Iled ‘SN 01 o4yl 109 WIS :NAO0 -
S9SI1N0J AJISIBAIUN Ul JUBJUOD 1S | e

~pauueld Jejiwis 40N R LID -
- 40N ‘119 o1 juss soldol € :NAO -
Mog 10} padojansp Jusjuod aleys e

pauuejd sanianoe jos8loid

Z Juswidojens(g usluoy 8sinoy) ¥ abpamou] jo Apog SYN




auIpnQO Yog Ajsiaaiun

Juswdojana( jusjuoy 8sinos) x abpemoud] Jo Apog S¥N




o~ \

W3 1001530 t'12
seldwexs S3q €'1¢
S3Q Jo} sjepows Aioayi Buinand g'L'2
uonduosep S30 412

UOHBINLIS JUBAS 8}210SId '3

swbipeiled SN ‘2

sIayio ‘fernewiwod ‘Bulesuibus ‘eunipaw ‘Buunjoejnuew ‘yeqwod :surewoq £l
uoiusinboe pue ‘uoneluswadxs ‘sisAjeue ‘Buiuel; :suopeolddy 2zt
SAIONIISUOD ‘jenuiA ‘anl sadAl  L'v'L

souoboles SN 'L
sjepow pugAH 8¢’
sjepow [enidsouo) L€'}
sjepow ayebaibby 9'¢'L
s|jopow peseq-eleg S’}
S|opows Juewsld 8juld ¥'EL
sjopows soisAyd €€’}
sajeboung g€l
sjepowl [ensiA L€'}

suoneoldde pue spoyiew Buljepow oiseg €71
VBAA Pue 9j0A0 Juswdojaasp SR 8l 01 uononpoliul €'}
9eos pue ‘uoynjosal ‘Ayjepy seinquie SN 2Ct
suoije|nwuis pue S|9poN L'’k

suouyap pue sjdaouod SN oiseg 2°L

SBIN JO MOIAIBAO [EJUOISIH L'}

uononponuy| ‘|

yog Aysiaaiun

6 Juswdojeas(g usjuos) asinoyn) B ebpamou)] Jo Apog SN




(9402)

Aujepl |apow ‘fre1ep Jo |ene £'e°E
suonoeisqe buljepoy Z'€’€
sisAjeue pue uoNYY||0D Blep/uoieuloju] L€
juswdojansp |opow jenjdesuo) ¢€'¢
Bunojte} ABojopoype N 1°2°€
1S00 pue ‘e|npayos ‘uejd €2
oW jo ainses|y 2'2'€
adoos pue ‘sesayjodAy ‘seanosiqo 1'2'e
uoieNwloj weqold 2'c
JuawdojoAsp JUSAS pue 8SI10IaXd uoelnuIS €°1°¢
Juswidojanap alemyos uonenwis ajess-able 2'1°e
Apmis uogeinwis L'}
s)oeloid uonenwis Jo sonpseoeIeyd pue sadAl L€
Apnig uoneinwis B Jo 8194 o
uoie|nwis puUgAy ul sanssi Bulspoy €'v'2
uonelnwis pugAy sjdwex3 gv'e
s1deouoo pue suouyeq L'v'2
suoiejnwis paxiw/pudAd v
senbiuyda) 2'€e
sjuswalinbal jeads 1'e2
uoiejnwiis [ensiA  €°¢
uonenwis dooj-ayj-ui-uewny ‘dooj-ayi-ui-asempieH +'2°¢
uollejnwis swi-jeay €'c'e
sjepow SnonuiuoD 2'2¢
s)deouod pue suouyeq 1'2'2
UoIE|NWIS SNONUNUOD ‘Bwll-[edy ¢'2

0t

Juswidojana jusjuon 8sinoy) x ebpajmoud| Jo Apog SYN




(9jo¢€)

Buiuueld pue ‘saoinosas ‘seiyjioe;} :syadse yoddng +v'6°'¢
soseqejep pue soleusos :sypedse eled £6°€

sse00id juswdojonap uonelopsy sjoadse uoenwis 2'6°€
SJUGAS puk S8SI019X8 O} UOIONPOoI| |'6°E

1usWdOjBASp JUSAS puB 8SI01aXe UoleINWIS

aJemyos uonejnwis Buidojonsp 1o} suonelapisuod [enads  £'8'¢C
juswdojonap a1emMlos BAljels}| 2'8'c

sajoAo-a)| 108foid aremyos  1°'g'¢

Jawdojonsp alemyos uone|nwis ajeos-abren

sjjnsal uonelussald pue uoejuawndog +°L'¢

uoIONpPal BduBLIeA ‘S[eAIBlUl S0USpYUOD Spoylaul [edlisiels €'2°¢
suoneinbiyuoo areuwssye bupedwon 2z 2'€

soljaw souewopad Jo uojeulwlsleq 1°L°€

sisAjeue Indinp

pouad dn uuep €9°€

suni jo Jjeqwinu pue ybus1 2'9'¢

sisAjeue ejep indu} L'9'¢

spuswiiadxe Jo ubiseq

SONss! pajejal YA [eloads swog ¢'G°¢

suonenwis qog "S'N 10} VAN ¢'G'€

Spoylall ‘YRAA JO sjoadse [elausn)  L'G'E

UOIIBJIPaI0J. pue ‘UoIepljeA ‘Uoiledllisap

ainjonisesul uonejnwis panquisip ‘euibus uoneinWIS ¥'¥'e
SyJomawel} ‘olemyos |spow uonenwis €v'e

(pa1usiIo 108[qo ‘pajusiio $s800id ‘pPajuBLIO JUSAS “68) SMBIA PUOM V'S

2JEM}JOS UolB|NWIS JO SolsuUsloeRyY) |'v'E
2IEM}JOS UONEINWIS

8t

9¢

S'¢

v'e

L

Juawidojanrag Jusjuos) 8sinoy) %,mmbm\\so:x Jo Apog SN




(940 )

(ASWX ‘Peiqeus-gam) spuas} Bulblews g6'L'g
VIH v'L'S
dSV €S
siapue 1INNIS 2'L'S
suomuyeg 1'L's
uonejnwis paingiisigq L'g
Ayjgesadossiul SR
uojow joasnayl Sy
eipswijnw jo esnayl v'v'y
sojydelb jo Auxsidwod pue asnayl €£v'v
lojpojoasnayl gvvy
uonelsuab elep seousulLIONSd L'V
sjusuodwod pue sejA1s edeuau| v'b
2Insodxe uoie|nWiIS JO SJ080 8SIOADY ¥'S'¥
sJosn g|dnjnw Buuapisuo) ¢'e'v
Buiules| uewiny Jo sel0dYyl g€V
uoipuboo uewny bulepoiy L€'
senss| Josn uoelnwisS €'
solwouobig 2y
)Ooeqpos) souBWIONdd €2V
aousasald pue uoisiwWW| 2ev
Ayjepy uonejnuis Jo sensleA L'Z'Y
SONSSI aoeuslUl UoeINWIS 2'v
uondeoled pue uonesuss ondeH G’y
uondaosad pue uonesuss Aiojeisnb pue Ai0elO t' LY
uondedsad pue uonesuas Aloupny €Ly
uondaoiad pue uonesuss [ensiA ' LY
uondaoiad 'SA uoiesuss 'Ly
uoijdeoiad uewny pue suewnH |y
uofnoelaiul uoneNWIS/UBWNH

cl

Juswidojane ueuon asinos) x abpamouy] jo Apog SYW




(9Jo9)

spesu uojeinwis Aeljiw Jpwun 92’9
uoye(nwis Areyjiw ui spusif §'2'9
sweisAs uonenwis buiblewg 29
swialsAs uonejnwis Aoebe €29
uonejnwis gog jo AioisiH 229
aoq uiyim uoieinwis Jo sesodind 1'2'9
suonenwis goq ofen 29
uopenjeAs pueisal §'1'9
uoneluswiadxy 19
uopisinboy €°1'9
sisAfeuy ¢'1'9
Buiuresl 119
suoneoydde uonejnuis goq oy 19
asuaje( Jo yuswpedaq ul SN
seipnis 8se) ¢€'€'S
saoeuslul pue ‘sAemaleb ‘spouleN 2'€'S
uoneAiow pue sydesuon 1€
Agesedoseiul Ysiyo-uonenwis  €°§
swig)sAs DA wi sisAieue indin0 +'2'S
selpnis 8se) ¢€2'S
saoeualul pue ‘sAemareb ‘SpoyleiN 2'2'S
suoijenijow pue s}deouo) 1°g'S
uoneibajul OAIIONIISUOD-[BNUIN-OAIT 2°G

£l

Juawidojena(g Jusjuos 8sinos) ¥ sbpajmoudf jo Apog SYW




(9 Jo 9)

ssausanbeA pue fjuieliadun JO sjepow [eoljewsyiely 2'9'8
$801Nn0S pue suoluyeq 1'9'8
Bujepows Ajureusoun 9’
Koay) Ayjigesodwod  €'5°8
Bunesulbus Ayjigesodwon g's'8
suoniuyeg 1's'8
- Agesodwiod g8
|04)U0D pue puewwod Buljepow jo sejdwexy ¢+'8
juswissasse g0 10} sdnoeld 1s8q J0 9po0 OLVN 2v'8
OLH OLVN O} uogonponu |L'4'8
JUSLWISSSSSE |0JIUOD pUB puBWWOYD '8
Bujepow SYO ¥'€'8
spoyjeus Buliepow SYO €€'8
swajsAs anjdepe xaidwon g'e'g
soeyo pue Auxsidwon |°¢'g
Builepow gyo pue Ayxeldwo) €8
seweb pue Juswuieusius ul uojeInwIS 2'g
Piey SBN 8yl ul spuadi aining  |'8
soido) [eloads pue spual) a1ning
Buiepow solweuAp wasAs G/
yoddns uoisioeq 'L
Huljopow requiod pajebaibby ¢£'¢'2
Bulepow yequwiod uopnjosal YbiH 2'€°2
uoionpoiu; 1'g’L
Buiepow jequio) €2
Buiepow Joineyaq uewnH gz
Buyepow ureyo Ailddng |2
suoneoljdde pue spoylow Bujjepow jeloads

vi

Juswidojena( jusjuon) 8sinos) » sbpsimoud| jo Apog SN




